The main aim of this study was to compare the historical profile of forest fires and to elaborate a risk zoning map for the regions of Londrina, Brazil, and Pisa, Italy in the period from 2005 to 2014. The records of fire occurrences were correlated with days of rain and temperature in the study areas. The results showed that 1,435 and 629 fires were recorded in the analyzed period, affecting areas of 3,220.4 and 1,550.8 ha in the regions of Londrina and Pisa, respectively. Data were then spaced in a risk zoning map. Fire occurrences and precipitation presented inverse correlation of 0.76 and 0.81 for Londrina and Pisa, respectively. Temperature showed direct correlation of 0.82 with fire occurrences for Pisa, and inverse correlation of 0.56 for Londrina. The analyzed data may serve as subside for planning fire prevention and combat activities.
INTRODUCTION
Forest fires dramatically transform ecosystems. Several factors are related to the occurrence of fires and climate elements are among them, which have a decisive influence on start and propagation of fire (Fimia, 2009) . Understanding the historical behavior of precipitation associated with historical information on various aspects regarding the origin and behavior of fires are important for developing forest fire control plans. This offers opportunities to visualize different prevention scenarios (Cabán, 2009 ).
According to Myers (2006) , every single ecosystem on Earth potentially has a fire regime, a history that has in some way affected the structure and composition of species. Seasonal changes in weather conditions also influence the moisture content of live and dead fuel materials (Lara, 2009) . Therefore, precipitation distribution is critical for the start, duration and end of most hazardous fire seasons (Soares & Batista, 2007) .
According to Nunes et al. (2009) , precipitation is a limiting factor in both fire ignition and propagation, and there is strong correlation between the occurrence of large fires and prolonged drought periods. In a recent study, Liu & Wimberly (2015) reported that precipitation has greater influence on the occurrence of fires compared to temperature and humidity. Sampaio et al. (2006) found that the region of Londrina presents precipitation near zero in the months of July and August. Similar behavior was reported by Stefanini (2008) for the region of Pisa.
Due to the importance of understanding statistical information regarding fire occurrences over time for the elaboration of prevention and fire control plans and in order to help compare profiles, the hypothesis that precipitation has preponderant influence in different regions of the planet was tested.
The aim of this study was to compare the profiles of forest fires and the influence of precipitation on fire occurrences in Londrina, mid-northern region of the state of Paraná, Brazil, and in the province of Pisa, Tuscany, Italy, as well as to develop a risk zoning map for both regions. Estatística -IBGE, 2015) . According to the Köppen classification, the region presents Cfa climate characterized as temperate with year-round rainfall and hot summer, with temperatures above 22°C in the warmer months and mean temperature in the coldest months higher than or equal to -3°C (Soares et al., 2015) , as shown in Figure 1B . Originally covered by Semi-deciduous Seasonal Forest, this area is conditioned to a period of low rainfall, causing the upper canopy of trees to lose their leaves (Roderjan et al., 2002) . According to Hardesty et al. (2005) , this is a fire-sensitive ecosystem; b) The province of Pisa, Tuscany, Italy, with 2,444.72 km 2 located at coordinates 43°43' north latitude and 10°25' east longitude (Istituto Nazionale di Statistica-ISTAT, 2015) , is in Csa climate region according to the Köppen classification, seasoned with hot and dry summers, maximum temperatures above 22°C, and temperatures below -3°C in the colder months (Kottek et al., 2006) (Figure 1A ). The vegetation of the region is basically composed of coniferous and broadleaf forests, in which the latter are divided into two large systems: deciduous broadleaf trees, which lose their leaves in winter and are not very drought resistant; and perennial xerophilic sclerophytes, which maintain their leaves in winter. Another form of vegetation very common but mainly present on the coast is "macchia mediterranea", generally formed by perennial shrubs, which are resistant to dry climate (Regione Toscana, 1998) . It is a fire-dependent ecosystem (Hardesty et al., 2005) . Comparison of profiles followed some methodological elements recommended by Rodríguez (1999) and Tetto et al. (2012) . Temporal analysis was carried out considering the following variables: fire occurrence and burnt area related to year and month, and further relating them to rainy days and temperature for the period. Rainy days with rainfall that accumulated precipitation above 2.4 mm were considered (Soares, 1972) .
MATERIAL AND METHODS

Study area characterization
Methodological process
The zoning map was developed according to methodology applied by Bovio & Camia (1997) , in which 10 square kilometer areas are delimited in cities and the obtained historical data are standardized and distributed into Basic Units (BUs). Each basic unit represents a city of the analyzed regions. To better spatialize and interpret occurrences in the chosen period, six variables were determined based on the frequency of fires and the affected area, namely: number of fires/BU/10 km 2 /year; number of fires > 30 ha; percentage of years with fire (%); mean burned area by one fire occurrence (ha); median of the burned area by one fire (ha); maximum burned area by one fire (ha).
Subsequently, BUs were distributed into classes through cluster analysis using the Ward (1963) method. Determining the number of classes for each region was based on the fusion coefficient of the Euclidean distances of each sample, respecting the limit of five risk levels (null, low, medium, high and very high) (Bovio & Camia, 1997) with the aid of the Statgraphics Centurion XV software. Based on analyzed variables, spacing was performed using the ARCGIS 10.3 software (Figure 2 
RESULTS AND DISCUSSION
Number of fire occurrences and affected areas
From 2005 to 2014, 1,435 fire occurrences were observed in Londrina, which affected 3,220.4 hectares. During the same period, 629 fire occurrences were observed in Pisa, which affected 1,550.8 hectares ( Table 1) 
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Comparison of Forest Fire... Floresta e Ambiente 2019; 26(2): e20170607 in Londrina (Vosgerau et al., 2006) . The burning of vegetable waste for agriculture purposes follows specific norms in Tuscany, which carries out trainings and campaigns for the population, especially for farmers who use this practice. This along with determined risk zones based on the history of the region allow rationalizing resources for prevention, and are factors that contribute to reduce number of fire occurrences (Regione Toscana, 2014 Rodríguez et al. (2013) for Brazil and Cuba.
It was observed that August presented an average of 2.8 rainy days for Londrina ( Figure 3A ) and 2.7 days for Pisa ( Figure 3C ). Average temperatures showed different behavior, with months of June and July being the coldest for Londrina, and June to August as the hottest months for Pisa, which is explained by their location in different hemispheres.
This precipitation behavior caused an increase in the number of fire occurrences and affected areas. For Londrina, 47.52% of forest fires occurred during the period from July to September, and 90.93% of areas were also affected in this period ( Figure 3B ). In Pisa, 67.57% of forest fires with 83.09% of areas affected occurred in the same period ( Figure 3D ).
In this study, greater correlation was observed between number of fire occurrences and rainy days (r = -0.76 for Londrina and r = -0.81 for Pisa). For the region of Londrina, smaller inverse correlation of 56% was observed between number of fire occurrences and temperature. On the other hand, direct correlation of 82% was found between days with fire occurrences and temperature for Pisa. As evidenced by Torres et al. (2011) , rainfall distribution and fire occurrences show inverse relationship for both areas and when associated with high temperatures, as observed in Pisa, it is better correlated with fire occurrences.
According to Liu & Wimberly (2015) , climatic elements have weak influence on the size of forest fires. This can be observed in the region of Londrina, where the burned area presented low inverse correlation with rainy days (r= -0.50) and temperature (r= -0.28). However, correlation of r = -0.68 was observed between burned area and precipitation in Pisa, and r= 0.70 when related to temperature, showing that these variables, especially temperature, influence fire propagation.
Historical zoning
Historical variables were grouped into 5 fire risk levels for the region of Pisa, while Londrina has 2 risk levels, both at high risk of fire. Table 2 shows the mean values for historical class for each region. Source: CCB (2015) and AIB (2015), prepared by the authors (2017).
6/10 Santos JFL, Tetto AF, Bertacchi A, Batista AC, Soares RV Floresta e Ambiente 2019; 26(2): e20170607 (2015) and AIB (2015), prepared by the authors (2017). Note: Number of BUs: number of provinces/municipalities in Londrina and Pisa according to risk classes. Classes: 1 (null), 2 (low), 3 (medium), 4 (high) and 5 (very high).
For the region of Pisa, Class 2 presented irregular distribution in the occurrences of fires due to the low number of years with fires (10%) and the number of forest fires per basic unit.
Class 3 presented the highest number of cities and mean and median values of burned areas, as well as for the maximum burned area. This situation did not occur in Londrina, which presented classes with high
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Class 5 represented cities that historically have high risk of fire; both Pisa and Londrina are similar due to the high number of maximum burnt areas (123.3 and 2400 ha). It was observed that only one fire occurrence with > 30 ha of burned area occurred in Pisa, while three occurred in Londrina.
The region of Londrina presented the two highest fire risk levels (Figure 4 ), which was due to the large extensions of basic units and probably to the use of fire in agriculture. Basic unit that makes up class 5 represents very high fire risk level due to the occurrence of fires throughout the period and the maximum area burned by a single fire was 2400.0 ha. While carrying out a risk zoning map according to demographic density, Batista et al. (2014) verified that the region of Cambé was within the highest risk class.
Four basic units were grouped in Pisa with mean burned area (10.04 ha) similar to that found for class 5 in Londrina (11.26 ha) ( Figure 5 ).
The presence of Pisan Mountains in the city of Calci contributes to frequent fire occurrences (Di Renzo et al., 2012) , configuring it as a region of very high fire risk. The same occurs with Bientina and Santa Maria a Monte, which comprise the area of the Montefalcone State Nature Reserve, where Cerbaia hills are located (Lisa et al., 2015) . Another important factor in these areas is the prevalence of "macchie sclerofille sempreverdi" (Mediterranean vegetation of evergreen sclerophylls) often mixed with easily ignitable Pinus pinaster L. (Pinaceae) species (Bertacchi et al., 2004) , which leads to the occurrence of severe fires with high propagation rates (Viedma et al., 2015) . The central belt extending from Pisa to Pomarance has medium risk level, which may be related to the existence of pasture areas and the use of fire to clear the land (Lovreglio et al., 2012) . The provinces of Vecchiano, Terricciolaand Volterra were grouped into the high and very high risk classes, which is different from what is observed in practice, and this difference was due to the occurrence of large fires during the period. Such information opens the possibility for further investigations. The city of Casale Marittimo was the only with no records of fire occurrences during the study period; therefore, it corresponds to null risk level.
CONCLUSIONS
The hypothesis that precipitation is a preponderant factor in distinct regions has shown to be partially true for both study areas. i) Precipitation was a predominant factor for the occurrence of fires in Londrina; however, better correlation was observed in Pisa when the dry season was associated with elevated temperatures; ii) It was possible to compare the historical profile of forest fires in both regions according to the number of occurrences, burnt area, temperature and precipitation; iii) Londrina presented higher fire risk as evidenced by the zoning with higher risk classes, while the Pisa region had distribution with greater number of cities within moderate risk class.
